In the present study, we search optimal
In the present study, we search optimal locations of two kinds of facilities for physical and mental senile persons : day service centres and short stay homes. The day service centres, which provide various services for senile people in the daytime, are desiable to be located in the neighbourhood so that caretakers easily transport the senile persons to the day service centres. The short slay homes give senile persons advanced care during a short period. Unlike the day service centres, the short stay homes are less likely to be situated in the vicinity of senile persons because the senile persons do not need to commute between the short stay homes and their residence. On account of differences in the distance-elasticity of demands for day service centres and short stay homes, hierarchical generalized p-median model is suited for searching optimal locations of these facilities.
In the generalized p-problem, optimal locations are identified through minimizing the total travel costs measured by elderly population and time distances in a network in Matsumoto.
Both high percentage of elderly people in the total population and high rate of car owners in the total households are the reasons that Matsumoto was selected as the study area. The nearest allocation rule, however, has no validity in explanation on actual consumer behaviour. Some researchers examined the nearest allocation rule using various shopping activities, and concluded that not all consumers patronize nearest retail outlets (Rushton et al., 1967 ; Clark, 1968 ; Clark and Rushton, 1970) .
Consequently, Wilson and Senior (1974) , and Coelho and W ilson (1976) presented a theoretical framework for probabilistic location-allocation models instead of deterministic ones2).
In the framework, they explicated a relationship between consumers' welfare maximization problem and p-median problem, in which optimal locations are specified through minimization of total travel costs under the nearest allocation hypothesis. Thus, the p-median problem is regarded as a special case of the consumers' welfare maximization problem when dis- (Leonardi, 1981 a, b ; O'Kelly, 1987 ; Fotheringham and O'Kelly, 1989) . Amongst those models, the travel cost minimization problem is termed p-median problem.
In the p-median model, the nearest allocation rule is originally presumed. Through relaxation of the nearest allocation rule, Beaumont (1980, p. 39 (1) If the production constrained spatial interaction model represents the interaction or population allocation term Sij, the objective function in equation (1) By means of introduction of equation (2), population in region i is probabilistically allocated to each centre in accordance with values of the distance-decay parameter. On the basis of the generalized p-median problem in equation (1), a hierarchical form is constructed as follows : (5) In this equation, h denotes hierarchical levels.
Both bottom-up and top-down methods can approach optimal solution of this hierarchical generalized p-median problem. In this study, the hierarchical p-median problem with two levels is solved on the base of the bottom-up method : day service centres at the low level and short stay homes at the high level. Thus.
equation (5) is rewritten as : The objective function in equation (6) Maturaoto in the middle Japan was selected as the study area ( Fig. 1 ). The rate of elderly population within the total population in this city (14.8 percent in 1992) was higher than the average in Japan (12.5 percent). Moreover, th e number of car owners within 1,000
persons, which enhances access to the elderly care facilities, was higher in Matumoto (315.4 cars in 1991) than the average in Japan (298.7 cars). Those characteristics led to select the city as the study area.
This study intends to obtain a set of optimal locations which is purely affected by the spatial interaction.
In other words, our attention should 'be directed to solitary effects of the distance-decay parameter on locations of facili- Here, it was assumed that travel costs (ci;
and Cik) in equation (6) were identical to distances (di; and dik) in equations (7) and (8).
Since public transportation dominates daily activities of pensioners, time distance was utilized as measures of the travel costs (cif and cik) and distances (di; and dik) (Herbert and Peace, 1980 ; Smith, 1984) . Time distances were measured between centroids at each region using a bus time table in Matsumoto so as to minimize the objective function in equation (6) in a network6). Besides, a distance within the same region was measured by one-half time distance from a centroid to the nearest one7).
The objective function in equation (6) On the other hand, Scenario 2 is so called backup system (Daskin and Stern, 1981) . In the backup system, locations of facilities at the low level disagree with those at the low level.
For example, in emergency medical care system, the backup system avoids the overload on basic emergency centre system at the low level in a medical hierarchy by transferring their patients to advanced emergency centres at the high level. To the contrary, such transfer is virtually impossible if both centres are located at the same places. For the elderly care facilities, the backup system is also valuable because the short stay homes could accept senile elderly persons if day service centres were fully occupied. The backup system is expressed as :
(14) where notations are identical in equation (11).
Finally, the objective function in equation The nearest neighbour measure identifies location patterns of facilities at both the low and high levels by means of three categories : regular, random, and clustered patterns (Clark and Evans, 1954) . The nearest neighbour measure (R) is formulated as : (15) where n: the number of facilities, rij : the nearest neighbour distance between, facilities i and j, D : density of facilities, namely D=n/a (here a indicates area). The nearest neighbour measures evidently detect the three location patterns ( Table 2 ).
The nearest neighbour measure is approximately 1.6 and significant at 0.01 level of confidence in Case A so that the 14 facilities are regularly located. In Case B, facilities are randomly distributed because the measure has almost one. Conversely, the measure is larger than null and less than one and significant at 0.01 level of confidence in Case C. This indicates that 14 facilities are clustered around the centre of the study area. As to population allocation, variation in population between facilities apparently reduces with decrement in the distance-decay parameter. In Cases A and B, large population is allocated to some facilities. To the contrary, population is almost evenly assigned to 14 facilities in Case C because pensioners could access to a 11 the facilities by weak effects of friction of distance.
(3) Inflows to the 14 facilities Population in each region comes to be more evenly allocated to facilities as distance impedance becomes weak (Fig. 4) . Apparently, population is allocated to the nearest facilities in Case A, In this case, allocation pattern is much similar to that of deterministic locationallocatio n models so that these models are regarded as one of variations of the probabilistic ones. In Case B, population in each region is allocated to some facilities because the nearest allocation rule is alleviated. In Case C, 2) Results of the applications of the hierarchical generalized p-median model at the high level (Scenario 1)
(1) Statistics of distance and population The influence of location patterns at the low level could be observed in sum of total travel costs (ZH). While Case A1 has the minimum value, Case A3 has the maximum value, though we may expect that Case C3 has the maximum value from the findings of the total travel costs at the low level.
Fluctuation in standard deviation of population at the high level is much similar to that at the low level. Population in each region is more evenly allocated to five facilities with decrement in the distance-decay parameter.
Case A1 has the largest value of the standard deviation, while Case C3 has the smallest.
Consequently, Case A1 is considered as the optimal locations from the findings on the smallest sum of total travel costs (ZL+ ZH) in Scenario 1. To the contrary, Case C3 might be regarded as equality-oriented locations in the hierarchical generalized p-median problem from the observation on the smallest value of the standard deviation of distance in the six cases.
(2) Locations of and population allocation to five facilities
In Fig. 5 , we find distinctive location patterns emerged from variation in the distance-decay effects. Like at the low level, location patterns at the high level change from decentralized to centralized distributions in the same Cases with decreasing degree of distance impedance.
Nearest neighbour measures disclose a differ- effects of the distance impedance at the high level. For Cases A1, A2 and B2, a large number of population are assigned to specific facilities.
Conversely, population is evenly allocated to all the five facilities in the other cases.
(3) Inflows to the five facilities Like at the low level, population is more evenly allocated to all facilities at the high level with decrement in the distance-decay parameter (Fig. 6) . In Case A1, population is chiefly assigned to nearest facilities. With decreasing effects of friction of distance, the nearest allocation rule is relaxed so that population in each region is assigned to some facilities at the high level in Cases A2 and B2. In (1) Statistics of distance and population Fluctuation in statistics of distance at the high level is much similar to that at the low level (Table 5 ). The total travel costs at the high level (ZH) increase with decrement in the distance-decay parameter in the same groups derived from the same locations of facilities at the low level. Unlike in Scenario 1, the sum of distance and mean distances gradually de- Consequently, the total travel costs (ZL-HZH) in Case A1' is the minimum, while in Case C3' being the maximum, as we expected.
Fluctuation in standard deviation of population at the high level in Scenario 2 is much similar to that at the low level. Population in each region is more evenly allocated to five facilities with decrement in the distance-decay parameter. In fact, Case A1' has the highest value of the standard deviation of population, while Case C3' has the lowest.
As a result, Case A1' is considered as the optimal locations in Scenario 2 owing to the smallest sum of total travel costs. Nearest neighbour measures disclose a difference in locational configuration between the random and clustered patterns (Table 6 ). Only Cases A3' and B3' are significantly distinguished from the random distribution. Although two types of location patterns, namely random and clustered patterns, are observed at the high level, the largest value of distance-decay parameter does not bring a regular distribution in Case A1'. Since locations of 14 facilities at the low level are intended to disagree with five facilities at the high level in Scenario 2, and since the 14 facilities in Case A is regularly distributed at the low level, five facilities in Case A1' might not be scattered over the study area at the high level. This is also the reason that Case A1' is identified as the random pattern.
Like in Scenario 1, standard deviation of population decreases with decline in the dis- (3) Inflows to the five facilities Like in Scenario 1, population is evenly allocated to all facilities with decrement in the distance-decay parameter in Scenario 2 (Fig.   8 ). In Cases A1', A2' and B2', population is chiefly assigned to nearest facilities.
In Cases A3', C2' and C3', pensioners can access to all facilities regardless of distance impedance. Table 6 Nearest neighbour measure (R) at the high level in Scenario 2 concluded that Case A1 is the optimal locations of the hierarchical generalized p-median problem of the facilities for senile people, while Case A1' is considered as an alternative. Second, the backup system of Case A1' brings more disperse facility locations than the facility locationE, in Case Al. The larger nearest neighbour measure in Case A1' than Case A1 confirms the disperse locations in Case A1' (see Tables 4 and 6 The lines indicate percentage of the number of elderly people in the total elderly population.
From top left to bottom right : population at each facility location is allocated to its own facility.
Regrading the number of day service centres and short stay homes, the Welfare Ministry draws a guideline for municipalities to establish eight day service centres for each 100,000 population and to equip with four beds at a short stay home for each 10,000 population.
In accordance with this guideline, Matsumoto will have at least 16 day service centres and two short stay homes in 199912). 1) Church and Eaton (1987) reviewed hierarchical deterministic location-allocation models. 2) In this paper, the term, probabilistic allocation, is defined as the stochastic allocations enabling us to assign regional population to not only the nearest facility but also others. This term also juxtaposes the nearest-centre allocation. 3) Wilson (1978, p. 153 ) also gave a theoretical insight to incorporation of the central place theory into hierarchical probabilistic location-allocation models by introduction of a binary variable. (16) 9) The total travel costs at the low level in Table  1 are written as :
The total travel costs (ZL)= (17) where, interaction between regions i and j, distance between regions i and j.
In the same fashion, the total travel costs at the high level in Tables 3 and 5 are expressed as :
The total travel costs (ZH)= (18) where, interaction between regions i and k, distance between regions i and k.
10) The sum of distance, the mean distance and the standard deviation of distance at the low level are measured by the following equations : (28) where population assigned from region j to facility k, the number of facilities at the second level, namely n is five.
In sum, the mean population is 47.63 at the low level, while being 133.37 at the high level. 12) This plan to progress the elderly care is called.
"Gold plan" . Since the total population in Matsumoto was just more than 200,000 and the average number of beds at a nursing home for the aged (yougo roujin houmu) is approximately 70, at least two facilities were required for senile people in 1992, in case nursing homes for the aged would solitarily be utilized as short stay homes. 
